= KL EE 50 % (2005)
Efﬁ %55 303-313 H

#

Bl 2004 MK &R DMK & ORI X 2 fEE)EE
o B e R TR AR N B ERE e ke B

(2005 5= 4 A 27 H32fF, 200547 H 15 A28

Comparative Study of the 2004 Eruption with Old Eruptions at Asama Volcano
and the Activity Evaluation

Setsuya Nakapa*, Mitsuhiro Yosamoto*, Etsuro Koyama™,

Hiroshi Tsuir* and Taku URABE*

The eruptive activity at Asama that started on 1 September 2004 was characterized by several vulcanian small
explosions, including a continuous stromblian-explosion period. About 2 X 10°m® of magma (DRE) was issued
in this eruption, most of which filled the summit crater floor. The sequence of eruptive activity was similar to that
of the 1973 eruption among previous eruptions at Asama Volcano.

the following points.

However, the two eruptions are different in
1) Both magnitude of seismic activity and scale of eruption products are small in the 2004
eruption; about half or less than in the 1973 eruption. 2) A-type earthquakes occurred in the later stage of the
2004 eruption, while in the early stage in 1973. 3) Partial melted country rock (rhyolite tuff) is found among the
2004 eruption products but not in the 1973 ones. As the swarm of A-type earthquakes at Asama occurred in the
period of inflation detected by GPS in this decade, intrusion of magma in the deep-seated magma reservoir (or
dike) was associated with A-type earthquakes.
earthquakes in the both eruptions reflect different magma supply rates; larger in the 1973 eruption and smaller but

long-lasting in the 2004 eruption.

It is likely that the difference of occurrence of the A-type

Continuous inflation and occurrence of A-type earthquakes even in 2005
suggest not declining of the eruptive activity but renewal near future.
Key words: Asama volcano, 2004 and 1973 eruptions, A-type earthquakes, sequence of eruptive activity, magma

eruption
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HRIL (Fig. 1) T3 19 HIEKH & A TEE A0 275
FAb LR ®, 20 HHTATHIC AR RSB KIGEI 25 0 K &
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Fig. 1. Index map of Asama Volcano. GPS base-

line between Tsumagoi (950221) and Tobu
(950268) of Geographical Survey Institute is
also shown.

W, FIZE, 197343 A 10 HEKIE B TREKTH D,
198344 H8HE kKiZCccrhkch 3. 22T
2004 FEHAKITOWT, BBODRINOOREIRED, h
WK, /NEK, PEIEK 2 O B,

AFTIE, 2004 9 Ao it & fo—i# o KEKIz>
W THRABAEEEIC X > THHS I - 2B Y, HIEE
Bz & ORI L THERR L, 2004 R KN ER L 8
FOBKERNTESIFHETE 2D ERT T EICT B,
ZhIC L - C, ERILOSHROTEFRHIMEE Licw,

2. 2004 FEDOENEE

2-1 TEAODHER

2004 FEHE KT SEEX 1 T 2000 EEED S K10 B GEE) A
AT B & EBIT, S5 SO, DIEMMITED 51
to BIAE, SRFTHIE KBS ILER « B IfgAT
2004). 2003 4F 2~4 FIT MK OSEREERD & h e,
2004 FFITTS - T GHIERTES) I3 & WV IRRED e\ 7o 8,
ICEBERIDEKNBHEE - 729 A 1 HiZh)h » THEEICHIE
TEEISEE B KO A Shish - fo. Fig. 31T
EHIEIFGEATIC & 2 &R LB Ic B T 2 LU A —a
fe ABIHIE R o B L2 R L TW5E. T2 THY
H—F—5 L3 3FEEL Licksue, Rigs ) 7—-0
Mo HIETH 2. 05 B RN S-P B O IAE 2
B HE A A BIHIEE (121X, Minakami ez al., 1970)
ELTWwWA, ERLOD 1973 [ KICHEIT LT A BIE
MG 2SR S e CREE « fth, 1975 238, &
DK TRFFICIZZED SNish -7, LerLl, GPSIC
L BEMIITEEZ G HEROMUN 7 AR 5580 51
Tl G5« fth, 2005; #F L, 2005) (Fig. 4).
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Fig. 2. Yearly numbers of erupting days and large/

medium explosions at Asama Volcano. Large

and medium explosions were counted, referring
to Miyazaki (2003).

AL ISR & IR L 72 (&4 « fth, 2005) (Fig. 5).
SR 134 3.5~5.5km I L e & ah s BARE, K
RITHIE KBS LER « BEIHIRUANRERAT, 2004 D F &),
Z D% 14 H S~/ NE K DT Ligs, 16 HIELE
5 18 HEFHICH 1 CEFEE KIS S - 7. C DFFIC
FE & IR, AREVL 2o KBRS R IS TR S B kA
Mot hs SHIMT 2R 1E, R b o v &Y RIEKEENS
bDOTH-71. DK% IH23H, 29H, 10 H 10 H, 11
HuadcFEsrsvn s AEANE -7, 11 A 14 HD
BKIZ9 A 1 HERSEERTH - 7. KEF0F—%
IZK % & 2004 FEOEKIEEPED SN/zDIF 12 H9H
D/NEKETTH S, SEDEKICELET 77 ORER
13, FHA - fh (2005) Ik B ER 6 TtIEETH B, &
Bl KBS L i s RLIEE TH D (Table 1)
(IS « fih, 2005), Rl 1 J7AERNCIEE) L <V 2 ATHMK
Lo DRARKEIF (51 « fh, 2003) ITA->TW3,
22 WTEKAD#F

9 H 1 HIEK, D75 b9 H 13 HF%RE CITREA
EMLTEKINTHIR L TO0is v T & DSHIEFE R 0 B
HEETHRSNL TV (Fig. 6al, kX3 a2). 9H 1 H
KT & > TRETRIE S N KFLIILTEK T 5
fR->THBO, BEKHD»SEUBESE D - 1285, A, C
Lo R HIE KL K LER « SRR
AT, 2004) 1YL, BEETHLESRBEL TS
(Fig. 6a3). 9 A 1 HIEK TR~ 7 ~¥E TR, BE
ICHKT 2 REOEF DI S e ds, EAKFLOIEIRIZ
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Fig. 3.
number at Asama Volcano (bottom).
the Asama Volcano Observatory were counted.

EAEZIN TRV -2, L L, BEKFLEICIREL
L7/ MLDSEEBIEE L THB Y, /NMLo S EBICBIEh
HAFEL TV, INoD & 3KOEOYENHT
DIFFITH LT [EELE] 0Ly, FEWEEIC
koTEZLFoNTOIAEE]AYE-> TV b, —
74, 9 H 16 HAFRiIC, EHEEEE AR L 2 ARkB T
L — ¥ — IR RAE S — FBCE - Tk (JE L
HOEERE, 2005). FEH L 7o kIlIKd T, 1ISE2 S, £
NETILETH - AR AE AR HIC T L e aE
OERMHEERT 2L IITH -7, S5IT, 16 HIZIEP®D
AL tc 5 2NN D 5 RIKED = 7 < PE O KK
BB LSt o e (FA - fth, 2005; IG5 - fih,
2005). T D7, 16 Hh SBIIAT 2 i KA iss
BAOEIC EFLTETW b0 LN 3.

E PRI £ 5 &, T, a7 —FEREK
R Uk, hiEnZEZA L. BELo~) 275 —0f
EICE > THHIEMBUA TS T EA10 A 1 HLIK
BB XN TV A (Fig. 7a). 10 [ 29 H OHZEWFEHR O
HIFEE 12 & - T bihgafic s - CREEMRIC S — +

sayenbypes adA)-y Jo Jaqunu Ajleq

Temporal variations in monthly number of volcanic earthquakes during these 10 years (top) and the daily
Earthquakes triggered in automatic processing system (WIN system) of

DHA TV ZEET/RE 1L (Fig. 6b2), £72, 11 H9HD
BERIC L > T ZDWAMRBHEICTRE NS (Fig. Tc).
D& S BMAFE—HKORICHE - 7ciAS S HF~ K
L—vNy g LkckeDITECbDEEZ NS, 10 A
29 H OB T/ aiaa OHERIRW ST~ S h, &
O L fo e S (3K T BEJL T 4 $9 2,420 m T
Hote, TOr, KO (2,494m) & O EEZITR 70
mdo-7rl D, 10 H 29 HiS o B o fE S|
mIck B &, KORPAE O E 2,395m GEZEE 20
miEE) Thotz, D, SEIOEATKOERY
80m FF L7 &2, 2,395m F TR ITIES P
F ol ERET B &, KREIIH 190 7 m® (480 )5 t) 1T
55 (ELHEEFERIC L 2 & 210 T md). ORI,
—EHDIFFEIE K T KOS & - R (Y
1651 LOEHTREWTEICBY, REHERAS
BB THI 200 /T m? & 755,
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Fig. 4. Temporal variations in monthly number of the A-type earthquakes and in length of the baseline between
Tsumagoi and Tobu in the GPS network by the Geographical Survey Institute, Japan (Fig. 1). The latter
data were from Geographical Survey Institute (2005). The former is the same as in Fig. 3.
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Fig. 5. Distribution of tephra from major explosive events in the 2004 eruption at Asama Volcano. Curves for the
distribution limit and contours of tephra weight (in unit area) are shown; see Yoshimoto et al. (2005) for the detail.
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Table 1. Whole-rock compositions of products of the 1973 and 2004 eruptions.
Eruption 1973 2004
Smpl ID 1 2 3 4 5 6 7
Major element (wt. % : recalculated into 100%)
SiO, 60.42 60.35 60.31 61.47 61.50 61.58 76.15
TiO, 0.72 0.73 0.73 0.72 0.71 0.71 0.52
AL O; 16.58 15.68 16.57 15.96 16.20 16.22 13.00
FeO* 6.42 6.91 6.57 6.41 6.30 6.27 3.85
MnO 0.12 0.13 0.12 0.11 0.11 0.11 0.03
MgO 4.09 4.63 4.14 4.07 3.85 3.83 1.47
CaO 7.15 7.18 7.09 6.69 6.69 6.64 0.86
Na, O 3.21 3.11 3.20 3.16 3.21 3.20 1.88
K,0 1.17 1.16 1.16 1.29 1.31 1.31 2.13
P,0Os 0.12 0.11 0.12 0.12 0.12 0.12 0.10
Original
sum 99.50 99.59 99.50 99.31 99.54 99.83 99.28
Trace element (ppm)
Ba 259 254 286 268 278 294 314
Co 23 27 26 22 22 21 10
Cr 61 67 60 62 56 55 54
Cu 68 59 68 46 47 47 26
Nb 3 3 3 4 4 4 10
Sc 21 25 19 20 20 22 10
v 184 195 187 178 170 176 100
Ni 40 42 39 37 34 35 29
Zn 68 73 69 71 68 69 74
Rb 29 28 28 32 32 33 82
Zr 92 92 92 99 101 100 113
Sr 328 307 330 301 306 306 115
Y 19 21 19 21 20 21 31

*total iron as FeO

~N OB W=

3. BEOEKEDLE

31 &b 50 FEROMEKEED

2004 FEIE K A3 20 HHACHIER & [FIHE 72 75 F6 12 BT 28 A
TERLTHEDH, HBWVIE, T THS0EMICET -
2L O ORIE K A < v b &6 CEiEIC H B Dm
ICHOWCTHED S T EEETH 5. Fig. 8 1213, &L 50
FEROEBEKA XY bD S B, 1950 4, 1958 4, 1973
AEIEK & 2004 FEIEK QI K D HA L% R L 7z,

: Dense lapilli erupted on 1 February 1973, Manzanbo (ASM730201)

: Dense lappili erupted on 10 March 1973, Manzanbo (ASM730310-01)

: Pumiceous lapilli on 10 March 1973, collected in AVO (ASM7311W)

: Pumiceous bomb erupted on 1 September, Maekakeyama (AS040913-2)

: Glassy dense bomb erupted on 1 September, Maekakeyama (AS041029-5)
: Dense lapilli erupted on 14 November, near AVO (ASO41114-341-B)

: White xenolith in glassy dense bomb, Maekakeyama (AS041029-34)

1950 FEME K 13 1949 4RI KICH | 26 bDTH Y, 9
H 23 HOKBEKIZE » THRE - 7. L 6km £ TL
L, KO»SHEAIkm BN - EHA TR 6cm D
D - 2. BAEOILTEK OJLBICHE > T B EAEH
GEFRT b v ERRIZH 3,0000) (3 2 DM DIEFE T
ShicboThs, Dk, /NEKH 12 HF Thiri.
1954 4F, 1955 4F, 1958 4F, 1959 4F, 1961 41T (ZMEK A
Wk BSE %, 2 b o v R Y RBKESATHEK
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Fig. 6. Photographs and infrared camera images of the summit crater at Asama on 13 September 2004 (al-3) and
29 October 2004 (b1-2). a) Southeastern part of crater wall and bottom from the western crater rim.
Dash-line rims the crater of the 1 September eruption in the close-up view (a2). Color scale of thermal image
a3 covers 0-800°C. b) Northern to northwestern part of the crater wall and bottom from the southwestern
crater rim. Dash lines show the margin of lava cake. Color scale of thermal image b2 covers 20-300°C.
Temperature image was taken with an infrared camera (AVIO Neothermo TVS-620).

Fig. 7. Air views of the summit crater on 1 October (upper left) and 9 November (upper right), and infrared
camera (stereographic) images on 9 November (lower). North is lower left. The crater floor is convex
downward with the vent (hottest spots) in the center and fumaroles (bright spotted line) along the periphery
of the crater floor (lava cake). Taken from helicopters of Tokyo Shimbun and Asahi Air Survey Co. Ltd.
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intermediate explosions.

AU BRI, Fic s - 72 (I, 2003). 209 b,
1958 4EME K (1354 3 FE O F#ER I A £ C 10 ARIA D/NE K
W& - TR LAc, IEAIFIREBICEML S0 1en 5 12
HATraEckc L7, RIEKIZ1ITAI0HE12A5H
1T -7, 11 A 10 HOMEK T, S 6-8km
ICEEL, HE 6t OEEHAKN S 3.8km OHifiE T
2 L7, 1973 B KT 1961 FEOFSIE KD 5 11 FDH
fzBsw Kk oG L. 20k, 2[Eodi
K, 2 BRI Loy « K2 kA T, 47 H
ke L7z, 1973 8F0 T 0 X 5 2K OHEFS 13 2004 4F
K ITHRD TIEWVW b D TH 5 (Fig. 8). 1973 HEMH KT
WTIRRICS SITEEL ik B,

C D HFERSIEKIEENTldd 55, 1982 T 4
H20H&E 10 H2Hic, 2hzh, duEk & ikt
20, 4 HOEKTE/INKIRESFA Lz, 198344 A
8 HIT b AE S OB TREIK L 7c.  C DK DI
HYREHETR~ISJtERE o nTwE O
oo BN, 1983). HEREMIO T A v o3y 2 HlIc L B &
1983 44 H 8 HIE-K12 2004 £ 9 H 1 H& 0 bHEIAA
ELAR

C TS50 MERDOIEKD 5 B, BAAE KL KK S
E= 7= WENHE L 7o T & pSIHIES K 1973 &
2004 FEHEK D E 1T, 1954~61 FFIEK A D 5. 1954~61
FEOEKTIRKAKRTOBESOMR, Ao vR )
KOFEH:, v KO REK S EN S, <7<
E#EEES L& EZonb, LrL, hLAOBFN
(FIANE 1982 4, 1983 4EMEK) (T & 72K Id~ 7 =8
EEESLTWEr-F, 50, ESLTb=s <
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1961 FEME K DISR 11 A3 I 197342 A 1 Hp S 1
KISEET - 7o, 1972 4F 12 A S R AR EE 1IN
L, KBRS 1 AR SERsnTwiz (R, 1974;
EE ¢ fth, 1975). BEK DR 3 HRNCIKARICIRE L 7
WEMNH BT EBRESNTVWSEY, Ik ToEMIL
DREKIEEN T, JEIEHI I E KITIEN - TR S D
TR L2 3 oflzBpywTEETH 20T, H
ICHRBIHR TH - - AREE D S V. 197342 HIchh$ 5
WEKETITIE,  KILEHIESS 1972 SR L CREE -
fl, 1975 @ Fig. 4) 1973 4F 1 AR I3 &8k LTu
7o (Fig. 9). %7, ATBMIEZ 1972 4F 11 A0 S0
Mlcd - 72 (RS - fih, 1975 @ Fig. 4. 2 A 1 HY Hic
Bile U 7 KIGE S, i~/ NE K E RO L7585 4 A
26 HE T\ 7o, REDOEFHE 2 A1 HDIED, 6 H,
3H 10 HIZFEL, WIFnbEERICE - ol
8 & T/ NKRERDSR N Le (R, 1974). 2 A 1 HIEK
TIRAKLIDREH 9. 5km 12d 2T iETIREN T 25320
MbEIN 2 s EREBERMGERS N, T, 2H16
HEAD 5 18 HIR & T IRIE K 0 H RO RiFR Cfenic
fC ot THIEHEEO BB S EBHETEE L
s, HIERIE P 2 o F AR © 2004 4 EFERED 2 b
oy R ) AEKITHY T2 EEZL 605, 310 HOME
FDN—HOEKTIEROREL, AIETHE L.5cm O
D> fo. T OEKIEE)T, TEE - fih (1975) &, MEKH]
12 BEMIEE ST L, A BIHIEAEEK L T W o &, &
51T13, BKFITIEFETDH - 72 B RUHIEAIE K4 1T 208
L7zT & 2fafE L 1.

1973 FE DB KR 3 b - F %I i3I LTED K RIS
war —FNHE LTV 3 0RHEE S iz (R, 1974)
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Fig. 9. Temporal variation in daily number of earthquakes around the 1973 and 2004 eruptions. Shaded zones
represent eruptive periods in which dates for explosions of intermediate scale are shown by dashed lines.
Earthquakes during the 2004 eruption were counted in the automatic processing system, WIN-system. The
data in the Sannotorii station for the 1973 eruption (counted on the drum recorder) were from Shimozuru
et al. (1975). See Fig. Al for comparison of these two recording systems.
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BEEH 150m TH - 7S, 1982 4F 4 H 26 HIEK DFE
N SRR E R S N, ORICHTEIC Y 3 RO
° Fary 510 0 o .+ UHTER CFE -l 1982). 3 5Ic 1983 Eo K
T C OFIEEMO A 2 SR, HWElZ Micrh
o February 1,1973 o ::f September 1, 2004 ZEIC LT [0 & S 7cA ] OB S hTui.
ZOOO’QP """ e 3-3 1973 FEME X & 2004 FEFE KD ELE
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Fig. 10. Weight comparison of tephra from the Ny =y, IRKOBL LU, HYORALR LTS
1973 and 2004 eruptions, which were deposited EonRonre.
along the national road about 4 km HEEE: Fig. 9 12/89 & 91T 2004 £E & 1973 FEHE KD
east-northeast of the crater. The data for the FeAEI A & BRI F L B, T b b, 1973 4EIE
1973 eruption were from Shimozuru et al KIZH WO TIE A FIHIEE O BER % 1 K EB A RS L

(1975). W3 (NEE - fth, 1975). ZHITX L T 2004 SR K TR,

ATBIER 7 AICREL TRV A b0, BARIEGHIIC
BRALTESS, BAREEB»S 17 AEEENTA
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RNESBEE ISR C 2 L 5175 - 7. F 1z, BB
HIEE DI & 2004 FFE K T/haWEEZ SN S,

b5, Fig. 9108\ T 2 EKEHE O HIZERIE O
13, 1973 fEOMEE X idER & 2004 FEOHIEE 7 — ¥ HEL
Y2574 (WIN Y27 L) 12k b ) A —3tiEe 0 )
EOWDSH D05, 1973 FEDTTHS 2004 4E &[G LR,
B3 2 2 o OFERIT O W TIE, R Fig. ALITRT &
ST, HEMEE Y 2 7 ADFMKRE I 3 ERERV. <
Dtz¥d, 2004 FEREKIF 1973 FERE KT AT b HIELE)
BB 0IEHETH > EBgn 5.

R 1973 AEIEK IS W T IR FARE IR I B4 B Elida
I, L L, KO 58 4.5km BN & RE%
AT 2 ETIE sz, 3 IEKOHEREYIE S
STk CNEE - fl, 1975, Thz 2004 FEHEKOD &
D EHEET 2T ENAEETH B (Fig. 10). Thick b
&, 1973 KD ZNENOEKD T 7 585 2004 4F
ERKDOZNE XD BERERSVWENSN D, Fi,

2004 FEME K TRIHROFED R SN T VIR WT &
5, KREOHIRLKILIKBEES NS >t EFZ 5N

VIS0 0 O KILKENDIS I 5 7c T EZHEM T 5.

KNS E - RS2 E AT, BEHENVF DK
TREDP > DRI ABETH 2. —F, 1973 55 DK
13 2004 FEEKITHEANT SiO 2 LW, btk
KM DM AR > TV 5B (Table 1). & 51T, 2004 4F
WK CHEI 78 B DO HER AR & b AR L 72
BeA (IGEF « fth, 2005 © FEESD (3 1973 OB YT
BEFTNTOVEL, 2030 FEfic< 7 <00 0ME
L7zDlE, o~ 7<% TiERIERSET L0
», HEVE, BELIcw < ERE LoV ANn
DFERTHAHS.

4. & z

41 ARMERETTTDER

2004 FEIE K DBRICFEAE L 72 A TIHIE O =R 13 7AR 1L
DOV 1 km 1 EOHIN#GIL — 1.5 km fhificsk £ 2 (@&
2 - fth, BEfEh). SEIOMKICEITT 2 A BBIEEOF
HRTHDIBDICH SN S (Fig. 3). %7, HA -« fi
(2005) ® GPS Blilll 7 — & OEFrfERIC L 5 &, 2004 4F
DTARP SR - LHFREF TR O ABHIEOE
WEPE 5 % & Ol — 2 km (I TEIRE AN & - 72
ZEERLTOVAS, INSDHEFEIL, AREORE L
ERMLOH PO = 7 < B ARG L Cle & 72 r]hE
AR L TWA, Fig. 3 T3, ST 10 4RI A Tl
EER L CRET 2N MENA NS, A TIHIE
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Fig. A1. Comparison of volcanic earthquakes on a
drum recorder with those triggered in the
automatic processing system, WIN system, at
the Asama Volcano Observatory. The drum
records are at the Sannotorii station. WIN
system is more sensitive than the drum
recording.



